INTRODUCTION
The strength and toughness of bone are derived from the organized mineralization of the organic constituents of the ECM. Small leucine-rich proteoglycans (SLRPs) help regulate ECM organization and mineralization by interacting with other matrix macromolecules and regulating their function (Boskey, et al., 1997) . Biglycan (Bgn) is a SLRP that is highly expressed in bone and involved in the regulation of postnatal skeletal growth (Bianco, et al., 1990) . Bgn knockout mice exhibit a lower peak bone mass than wild type mice (Xu, et al., 1998) and, at the cellular-level, osteoblasts and bone marrow stromal cells are altered, suggesting that the reduction in bone mass is due to a deficiency in bone formation (Chen, et al., 2002) . Since mechanical loading is recognized as a viable strategy to maintain peak bone mass and structural integrity, we hypothesized that mechanical stimulation could rescue the phenotype of these knock-outs. In this study, the effects of exercise on the geometric and mechanical properties of bones from Bgn knockouts were compared to the corresponding wild types.
METHODS
Bgn-deficient and wild type male mice were bred on a C57BL6/129 background as previously described (Xu, et al., 1998) . Forty mice (2 genotypes x 2 exercise groups x 10 mice/group) were housed in standard cages and given unrestricted access to food, water and cage activity until skeletally mature (NIDCR animal approval protocol # NIDCR 001-151). At 2 months, mice were randomly assigned to exercise or control groups. Exercise consisted of running at 10 m/min on a treadmill at a 5° incline, 30 min/day for 21 days. Mice were sacrificed on day 24. Femora and tibiae were harvested, stripped of soft tissue and stored in a Ca-buffer. QCT analysis was performed on right bones. Left bones were tested to failure in 4 point bending in a custom-designed, solenoid driven apparatus at a rate of 0.01 mm/sec. Femora were tested in the AP direction (posterior surface in compression) and tibiae were tested in the ML direction (lateral surface in compression). Load and deflection were recorded, from which strength, energy, stiffness and deformation properties were derived. After fracture, bones were sectioned at the fracture site. Geometric parameters were determined using an inverted light microscope and digital analysis software (Nikon Eclipse 300T, Image Pro-Plus v4.1, Matlab v5.3). Statistical analyses were performed using 2-way ANOVA.
RESULTS AND DISCUSSION
Biglycan-deficient males (Bgn -/0 ) exhibited phenotypic changes in their tibiae (Table I) with differences in the femora being less.
No femoral geometric properties were affected, though yield energy (p=0.033) and yield stress (p=0.026) were significantly decreased. Bgn -/0 tibial ML width (p=0.007) and MOI (p=0.031) were significantly increased. These geometric changes were accompanied by significant decreases in elastic deformation (p=0.038), yield energy (p=0.044) and yield stress (p=0.048). These results imply that Bgn -/0 mice have more tissue present, and this tissue is more isotropically distributed. However, because of the Bgn deficiency, the tissue is of lower quality, causing the bone to have lower strength and energy dissipation. This mechanical phenotype may be due to an upregulation of other non-collagenous proteins responsible for promoting matrix mineralization, causing over-mineralization and leading to a weaker, more brittle bone. This hypothesis is supported by QCT data showing a significant increase in BMC in the Bgn -/0 tibial diaphyses. Exercise increased Bgn -/0 tibial cortical thickness (p=0.002), and this geometric change was accompanied by increases in yield force (p=0.0048), postyield displacement (p=0.044), total displacement (p=0.045), and ultimate energy (p=0.045) with marginal increases in ultimate force and yield energy. These geometric and mechanical properties were equal to or greater than the wild type control values, and the percent increase in these properties due to exercise was at least as large in knock outs as in wild types. Therefore, our data indicates that exercise was able to rescue the skeletal phenotype of Bgn knockouts.
